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[57] ABSTRACT 

A color separation filter arrangement for an image in- 
tensifier having separate blue, green and red filters 
which respectively have pass bands for visible blue light 
and its second order wavelengths, visible green light 
and its second order wavelengths, and visible red light 
The blue, green and red filters arc interposed individu- 
aUy in succession in the path of incident visible light and 
infrared energy to the photocathode of the image inten- 
sifier. Use of this color separation filter produces a rela- 
tively high signal-to*noise ratio at the output of the 
image intensifier when it is used under night sky illumi- 
nation. 

4 Clainu, 4 Drawing Figures 
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used herein is for the purpose of description and not of 
IMAGE INTENSIFIER FOR PRODUCING A limitation. 



DETAILED DESCRIPTIGN 



COLOR IMAGE HAVING A COLOR SEPARATION 
FILTER SEQUENTIALLY PASSING VISIBLE 

BLUE liGKT AND ITS SECOND ORDER 5 Referring to FIG. 1, reference numeral 1 designates 

WAVELENGTHS, ViSOLE GREEN LIGHT AND : generally an image intensifier tube of known design 

ITS SECOND ORDER WAVELENGTHS, AND which is shown in simplified schematic form here. It has 

VISIBLE RED LIGHT a photocathode 2 at one end which is exposed to inci- 
dent Hght, an anode and focusing cone 3, a microchan- 

SUM14AJIY OF THE INVENTION ^0 ncl plate 4 having an input electrode 5 on its face 

TOs invention relates to a novel filter arrangement '^J^^ photocaAode and an output electrode 6 on 

for color separation imagery operation of an image ^ts face away from the photocathode, ^d a fluorescem 

lor coior acpwauuu wp^iauvu ui ou uu-e^; output scrccn 7 at thc Opposite end. This is a typical 

mtensifier underamghtsky. »Wnd generation" inia«e intensifier. T^^ 

Attwipts to use color separation miagery wi^unage 15 ^ fo^^d on the phoLathode 2 by the inddent 

mtwisifiers under the low lUumm^tion^^^^ a h hi is converted by it into an electron image, which is 

mght sky have not been enUrely satosf^ictpry because of ^^^^^^ ^ .he microchannel plate 4 and applied to 

exc^ive noise m the output from t^^^ ^ ^ which produces an optic^ image 

pe present^venton substantoiUy ovcicomw^^ ^^^^y ^ intensified repU^ of the optical image on 

difficulty by takmg advantage of the followmg facts: 20 the photocathode 

(1) night sky typicaUy has a relatively high level of ^^^^ practical" embodiment, the photocathode 2 is at 
energy covcrmg most of the visible spectrum and .1750 volts, the anode and focusing cone 3 is at +1000 
thc mfrared sp«;trum; and. ^^^^^ the input electrode 5 of the microchannel plate 4 

(2) unage mtcnafien generally have a sensitive re- ^ -^ ^^ +900 volts and its output electrode 6 is at reference 
sponsc over the vuable sp«:trum and much of the 25 ^^^^ ^ output screen 7 is at +6000 volts: In a 
infrared spectrum (includmg specifically second portable image intensifier these voltages arc suppHed by 
order bhic and grcoi). _ ^ ^ an intienual power supply having a three volt DC power 

In accordance with the. present invention, the h^t ^ two size AA dry cell batteries, 

image input to the image intensifier is filtered throu^ a ^^^^ vota$e is stepped up in the internal power 

complex filter unit which passes, m succession, visible ^ 3 jy ^ provide the different voltages for the various 

blue and ite second order wavelengths (in the infrared electrodes of thc image intensifier. 

spectrumX visible green and its second order waver jj, accordance with the present invention, a thin film 

lengths, and visible red. The intensified visual image on optical filter unit 8 is located immediately in front of thc 

the output screen of thc image intensifier has a higher transparent end wall 9 of the image intensifier tube just 

signal-to-noisc ratio than was possible in previous at- a^ead of the photocathode 2. As shown in FIG. 2 this 

tempts to use image mtcnsifiers in color separation im- f^^cr unit may be in the form of a rotary disc consisting 

agery systems, of a blue filteir sector 8B, a green filter sector 8G and a 

A principal object of this invention is to provide for r^d filter sector 8R, each taking up one-third of the disc, 
use under night 4^ illumination a novel combination of ^ Each color sector 8B, 8G and 8R is large enough to be 

an image intensifier and an input color filter arrange- in the path of all energy impinging on the photocathode 

ment which produces a relatively high signal-to-noisc 2 through the transparent end wall 9 at a particular time 

ratio at the output of the image intensifier. during each rotation of the filter disc 8. 

Further objects and advantages of this invention will xhe filter disc 8 is driven by a D.C. powered stepping , 

be apparent from the following detailed description of a motor shown schematically at 10 in FIG^ 1 through a 

presentiy preferred embodiment which is illustrated mechanical drive of any suitable design, indicated by 

schematically in the accompanying drawings. the dashed line 11 in FIG. 1. The motor indexes the 

np«jrpfPTTnMnFTHF nilAWTNn<5 filter disc rapidly to successive rotational positions 120 

DESCRIFOON OF THE DRAWINGS ^^^^ apart in which the blue filter 8B, the green filter 

FIG. I is a schematic bngitudinal sectional view of ^ gQ and the red filter 8R are positioned successively in 

an image intensifier provided with the novel filter ar- front of the transparent end wall 9 of the image intensi- 

rangcmcnt of the present invention; fier. FIG. 2 shows thc filter disc in a rotational position 

FIG. 2 is a front elevation of a rotatably adjustable in which the blue filter 8B masks the transparent end 

disc present presenting the different color segments of wall, shown in dashed lines. 

the ater in FIG. 1; 55 If desired, the respective blue, green and red filters 
FIG. 3 shows in full lines the spectral sensitivity of a may be on fiat panels or cards, one closely behind the 
typical image intensifier and in dashed lines the spec- other, which are slidably operated so that only one at a 
tnim of energy in the night sky, both plotted against the time covers the end wall 9 of the image intensifier and 
wavelength of the energy; and the other two are retracted. The three color filter panels 
FIG. 4 shows the band-pass characteristics of the 60 are actuated in rapid succession, one at a time, to the 
blue, green and red filters in the filter unit at the light operative position to provide blue, green and red filter- 
input side of the image intensifier of FIG. 1, in accor- ing in sequence. 

dance with the present invention. Each color filter 8B, 8G and 8R is composed of semi- 
Before explaiiiing the disclosed embodiment of the transparent layers separated in succession along the 
present invention in detail it is to be understood that the 6S direction of the energy impmging on the photocathode 
invention is not limited in its applicatibn.to the details of 2 and so arranged as to pass certain wavelength bands 
the particular arrangement shown since the invention is with relatively littie loss and to reject the other wave- 
capable of bther (embodiments. Also, the terminology lengths substantially completely. 
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As shown in FIG. 4, blue filter 8B has two pass bands, 
one for visible blue light and a second for blue second 
order wavelengths (i.e., infrared energy in the wave- 
length band twice that of visible blue light); the green 
filter 9G has two pass bands, one for green light in the 5 
visible spectrum and a second for green second order 
wavelengths (i.e., infrared energy in the wavelength 
band twice that of visible green light); and the red fUter 
8R has a single pass band in the visible red spectrum. 
Each filter 8B. 8G and the 8R rejects all energy wave- 10 
lengths except those within its pass band or pass bands. 

It wfll be evident that the filter 8 is a spectrally sensi- 
tive beam separator for sequentially dividing the inci- 
dent energy into these components: visible blue and its 
second order wavelengths, visible green and its second 13 
order wavelengths and visible red. 

The photocathode 2 of the image intensifier 1 re- 
ceives sequential color separated images and converts 
them into an electron image which is multiplied by the 
microchannel plate 4 and applied to the output screen 7 20 
to produce a visible image which is an amplification of 
the sequential filtered inputs through the blue, green 
and red sectors of filter disc 8. 

As shown in FIG. 3, a typical night sky may have the 
energy leveb in the visible light and infrared spectrums 25 
as shown by the dashed line curve 12. A typical image 
intensifier has a response to incident energy as shown by 
the fuD line curve 13, from which it will be evident that 
the response drops off sharply at about 1200 nanometers 
and higher wavelengths. The response of the image 30 
intensifier tube is high over the entire visible light spec- 
trum and the infrared spectrum up through twice the 
wavelength range of visible green light, but it is very 
low in the infrared spectrum in the wavelength range 
twice that of visible red light. Therefore, even though 35 
infrared energy at wavelengths twice that of visible red 
light is substantially present in the night sky, the red 
filter 8R in the present invention rejects it because the 
image intensifier would not resp>ond significantly to it. 

Because of the inclusion of components of the night 40 
sky's energy which are in the infrared spectrum, the 
signal-to-noise ratio of the output from the image inten- 
sifier is substantially greater than has been possible pre- 
viously using color separation imagery in only the visi- 
ble spectrum under a night sky. 45 

I claimt 

1. In combination with an image intensifier having a 
photocathode, 
a filter unit having a first filter means with pass bands 
for only visible blue light and infrared energy in the 50 



wavelength band twice that of visible blue light, a 
second Hlter means with pass bands for only visible 
green light and infrared energy in the wavelength 
band twice that of visible green light, and a third 
filter means with a pass band for only visible red 
hght, said filter unit being operatively arranged to 
position said first, second and third filter means 
individually in succession in the path of incident 
energy before it reaches said photocathode. 

2. The combination of claim 1 wherein said filter unit 
is a rotatable disc with first, second and third sectors 
Nvhich respectively provide said first, second and third 
filter means. 

3. In combination with an image intensifier having: 
a photocathode for converting an optical image 

formed by incident energy to an electron image, 

an anode and focusing cone, 

a microchannel plate for multiplying the electron 
image produced by said photocathode, 

and an output screen for converting the multiplied 
electron image to an optical image; 
means for operating said image intensifier at a high 
signal-to-noise ratio under a night sky comprising: 

a filter unit having a blue filter with pass bands for 
only blue light in the visible spectrum and infrared 
energy in the wavelength band twice that of blue 
light in the visible spectrum, a green filter with pass 
bands for only green light in the visible spectrum 
and infrared energy in the wavelength band twice 
that of green light in the visible spectrum* and a red 
filter with a pass band for only red light in the 
visible spectrum, said filter unit being operative to 
position said blue filter, green filter and red filter 
individually in succession in the path of incident 
energy in the visible light and infrared spectrums 
before it reaches said photocathode. 

4. In combination with an image intensifier having a 
photocathode for converting an incident light image 
into an electron image, means for multiplying said elec- 
tron image, and an output screen for receiving the mul- 
tiplied electron image and converting it into a light 
image, spectrally sensitive filter means positioned in the 
path of said incident light image to said photocathode 
for periodically separating said incident light image, 
prior to arrival at said photocathode, into a plurality of 
different visible light wavelength bands and wavelength 
bands twice those of certain of said visible light wave- 
length bands. 
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